Attention control groups strengthen randomized controlled trials of behavioral interventions, but researchers need to give careful consideration to the attention control activities. A comparative effectiveness research framework provides an ideal opportunity for an attention control group as a supplement to standard care, so participants potentially receive benefit regardless of group assignment. The anticipated benefit of the control condition must be independent of the study outcome. Resources needed for attention control activities need to be carefully considered and ethical considerations carefully weighed. In this paper we address nine considerations for the design and implementation of attention control groups: (1) ensure attention control activities are not associated with the outcome; (2) avoid contamination of the intervention or control group; (3) design comparable control and intervention activities; (4) ensure researcher training to adequately administer both treatment arms; (5) design control activities to be interesting and acceptable to participants; (6) evaluate attention control activities; (7) consider additional resources needed to implement attention control activities; (8) quantifying the effects of attention control and intervention groups; and (9) ethical considerations with attention control groups. Examples from the literature and ongoing research are presented.
appropriate comparison group or address the strategies that are included here. Furthermore, inadequate reporting of attention control conditions was identified in a meta-analysis (Byrd-Bredbenner et al., 2017) . Authors may provide less detail about control activities, including the characteristics of usual care, or fail to indicate the duration of control activities or how implementation of control activities was standardized.
The purpose of this paper is to highlight essential points that researchers need to consider when developing attention control groups in behavioral intervention research. Specific examples of attention control groups and their activities are described from studies the authors were involved in as well as select studies from the health literature. Nine aspects related to the design and implementation of attention control groups are considered: (1) ensure attention control activities are not associated with the outcome; (2) avoid contamination of the intervention or control group; (3) comparability of the control and intervention activities; (4) ensure researcher training to adequately administer both treatment arms; (5) design control activities to be interesting and acceptable to participants; (6) evaluate attention control activities; (7) consider additional resources needed to implement attention control activities; (8) quantifying effects of attention control and intervention groups; and (9) ethical considerations with attention control groups. These aspects were derived from a combination of resources including the authors own experiences and an article by Safer and Hugo (2006) .
| Types of control groups
RCT planning necessitates deciding whether the control group will be configured as attention control, attention placebo control, or comparative effectiveness (see Table 1 ). Researchers select the type of comparison group that allows them to best answer the research question of interest with the resources available. An attention control group is an inactive substitute for the intervention, and using one requires making an educated judgment as to whether the intervention will demonstrate a meaningful difference. Other considerations may include whether evaluation of attention control activities are needed, if any, and the resources needed to implement both an intervention group and comparable attention control group. As for interventions, attention control group activities can be simple, such as providing brochures about the topic under study, or more complex with varying components. Safer and Hugo (2006) provided seven steps for designing credible comparison treatments for behavioral group therapy. Some of the steps are addressed here.
Traditional placebo-control or no active treatment comparison groups are often difficult for clinical researchers to implement (Williams et al., 2016) . Participants may be hesitant to participate in an RCT if told there is a possibility of being assigned to an inactive treatment group. Further, health professionals may question the ethicality and practicality of allocating a participant to an inactive or placebo control.
The relatively recent development of comparative effectiveness research (CER, Table 1 ) programs has affected the landscape of health intervention research and the use of control groups (Sox & Goodman, 2012) . For example, modern health care and medicine usually offer some form of treatment or care for most health conditions. As a result, a placebo-control or inactive true control comparison group may be inadequate and potentially unethical when a standard of care is available. Head-to-head comparative studies to compare the new intervention and standard of care treatment groups are increasingly common. However, the standard of care may involve minimal time and effort for the healthcare provider and/or participant and may be accompanied by low levels of interest or belief in its effectiveness.
Attention control groups may be used in a CER design by supplementing the standard of care with an attention control. This can even the playing field with respect to time and effort, address healthcare provider, and/or participant concerns with randomization, and justify randomization with the potential for benefit with assignment to either treatment group. Some researchers have
suggested using an open-ended questionnaire for identifying behavior change techniques to assess treatment-as-usual (control groups; Oberje, Dima, Pijnappel, Prins, & de Bruin, 2015) , as standard of care Attention Control (AC) This is the general term often used for different types of control groups. To distinguish from other types in the examples here, the control group has some activities but they are not the same in intensity, time and/or contacts as the intervention activities. Activities may or may not be similar to usual care.
See Aycock et al. (2016) feasibility study (Table 2) . AC received a stroke brochure.
Attention Placebo Control (APC) Group activities mimic those of the intervention group in time and contacts, but are not related to the intervention content, that is the control activities do not contain the "active ingredient" of the intervention Stewart- Williams and Podd (2004) .
See Aycock (2015) in Table 2 Description of safe sex topic for APC activities or Helvig (2017) (Aycock, Clark, & Hayat, 2016) .
The simple act of giving the brochure and list of stroke risk factors to the attention control group may have resulted in improved knowledge and initiated behavior change for some. For a subsequent test of the SCORRE intervention in an ongoing study (Aycock, 2015, Table 2), the attention control group reviewed a safe sex education brochure and video, to mimic the amount of time and content received by the intervention group and serve as a placebo. Thus, one active component of the intervention, stroke risk factor education, was removed from the attention control group. Development of a comparable attention placebo control activity for this study was challenging because the researchers had to carefully consider activities that would not influence the study outcomes. For example, providing general health education or sleep education could be associated with the lifestyle behavior outcomes by potentially affecting physical activity or healthy diet. Although hand washing education also was considered, safe sex education was more relevant and believable for young adults in relation to perceived risk of disease.
Lindquist et al. (2007) provided further insight into the comparability and attractiveness of control conditions, including considering the interest of the target population. Researchers also can enhance credibility by ensuring that the intervention and attention control conditions contain many common factors (Lindquist, Wyman, Talley, Findorff, & Gross, 2007; Safer & Hugo, 2006) . Revisions made for the subsequent study provided greater similarities for the format, attention, and timing of the conditions, but with different topics (Table 2) .
| Avoid contamination of the intervention or control group
The intervention can be contaminated either by the research staff delivering the intervention or control activities or by the participants who may share either control or intervention activities. In the planning phases, researchers need to consider these possibilities and try to reduce the opportunities for contamination to occur. Kearney and Simonelli (2006) reported the possible contamination of the control group with intervention activities related to motivational interviewing. They were testing an intervention designed to help weight loss in new mothers using motivational interviewing. The researchers related that they may not have been able to maintain substantial separation between interactions with participants in the control group and the intervention group. In their communications, research staff may have used the motivational approach with the control group. Maintaining separation in pilot studies of interventions is particularly challenging, as they often have few resources to hire separate staff for intervention and control activities (Kearney & Simonelli, 2006 ). An alternative design is to conduct the control group first and then the intervention group. This design may reduce opportunities for contamination but has other issues such as lack of random assignment to group that may offset the contamination issue. A crossover RCT study design allows for randomization of order of whether the delivery of the intervention or control group is conducted first, but this design is challenging to implement in practice with behavioral interventions because of the pronounced carryover effects that may result. Intensive training of research staff about separating the intervention and control activities may be a more reasonable approach.
In initial feasibility testing of the SCORRE intervention (Aycock et al., 2016) , to minimize variability and enhance validity, one person, an adult health nurse practitioner, administered both the intervention and the control group activities. While having one research staff administer the intervention and control activities may be a feasibility issue and provides control in one way, the potential issue is that in delivering the See Table 2 for examples of attempts to equalize the interaction time of the attention control with the intervention group.
In an initial pilot study of a family partnership intervention, Education and Supportive Partners Improving Self-CaRE (ENSPIRE; Clark & Dunbar, 2003; Dunbar et al., 2005) , researchers used a twoarmed RCT, with groups for Education plus Family Partnership
Intervention (EDUC + FPI) and Education only (EDUC), to test a theory-based intervention to foster an autonomy-supportive environment to help patients with heart failure adhere to a low sodium diet.
Both the EDUC + FPI and EDUC groups included the patient and a family member and received the same single heart failure education session. However, the EDUC + FPI group met for two additional sessions and received additional information, including role playing about ways to be autonomy-supportive. A significant group by time interaction effect was found in urinary sodium levels, but imbalanced attention control and intervention group activities were threats to internal validity. In situations like this pilot study, limited resources (e.g., funding, staff) may force difficult design choices.
In a more rigorous test of ENSPIRE, Dunbar et al. (2013) conducted a three-armed RCT with patients and their informal caregivers: a family-patient partnership intervention (FPI) group, patient and family education (PFE) group, and usual care (UC; Table 2 ).
The FPI group received the same education as the PFE group, along with two additional sessions fostering autonomy support in the dyad, as in the pilot study. In an attempt to equalize the contact time, the PFE group received one additional group session reinforcing information about diet, led by a dietitian and research nurse. In the PFE and FPI groups, patients and family members participated in educational sessions together. The groups had similar follow-up telephone booster sessions but with different content. While this created a rigorous test of the intervention, the FPI group did not differ significantly from PFE group in the urinary sodium outcome, but did differ from the UC group, and there was some improvement in the PFE group over time. The authors pointed out that by having the patients and family members in the PFE group together for the educational sessions, they may have inadvertently fostered an untended partnership in the PFE group (Dunbar et al., 2013) .
| Ensure researcher training to adequately administer both treatment arms
Interventions, by their nature, are new and innovative and may include content unfamiliar to the person delivering the intervention content.
For example, Kelly, Oswalt, Melnyk, and Jacobson (2015) compared their COPE TEEN intervention and an attention control program in an RCT with 779 adolescents from 11 high schools. They found that the attention-control teachers delivered their content (e.g., health literacy, oral hygiene, sun safety and tanning, immunizations) with greater fidelity than the COPE TEEN teachers. The researchers suggested that the COPE TEEN teachers' lesser familiarity with the cognitive skillsbuilding content may have contributed to lower fidelity of the intervention.
This example highlights the reality that attention control group activities may be delivered more consistently and effectively when they are more familiar to the research staff, and the importance of having adequately trained individuals to deliver the intervention.
Education about a chronic health problem such as heart failure may be more familiar to the research nurses than teaching content or implementing activities that may be unfamiliar, such as theory-based autonomy-supportive communication. In both the pilot and in the larger RCT of ENSPIRE (Clark & Dunbar, 2003; Dunbar et al., 2005; Dunbar et al., 2013) both groups (FPI, PFE) received heart failure selfmanagement education, while the FPI group received additional sessions in how to be supportive, using an exercise about the "Portrait of an Ideal Motivator" and role-playing to build skills using scenarios and group discussion. These intervention activities required substantial understanding of the theory and skill in managing group discussions. Training of the intervention nurses so they were comfortable with delivering the less familiar theory-based content was essential for the intervention to be successfully delivered.
Staff delivering placebo control activities in behavioral research also need to receive adequate training. For example, in delivering the attention control activities of safer sex education to young adults in a stroke risk reduction study described in Table 2 , the first author received questions from control participants regarding actions they needed to take based on their behavior (e.g., When should I and my partner be tested for sexually transmitted diseases? What is a dental dam? How are STDs transferred?). Although the safer sex content was not the variable of interest or the focus of the larger study, the researcher or research staff needed to be prepared to accurately respond to concerns and participant questions.
During the development phase of RCTs, researchers need to be realistic in considering the amount of time and types of training needed for research staff to be comfortable with delivering unfamiliar intervention or control content. In considering all aspects of fidelity, researchers need to consider the same fidelity for both the intervention and the attention control groups. Borrelli (2012) suggested a treatment fidelity framework for health behavior change trials with five domains of treatment fidelity (study design, training, delivery, receipt, and enactment).
| Design control activities to be interesting and acceptable to participants
Similar to developing an intervention, careful thought should be taken in crafting the attention control activities to ensure they are interesting and acceptable to participants. An attention control condition that is not credible could result in attrition or in contamination if control participants get treatment or information elsewhere (Gross, 2005) . For example, in the initial stages of implementing a psychosocial intervention to provide training for parents of children, Popp and Schneider (2015) suggested that one of the reasons for the early high attrition from the attention placebo control group, a discussion group of parents, was that parents wanted to be in the intervention group and not the discussion group. Initially the researchers felt that the attention placebo discussion group would be an attractive alternative as parents could discuss issues within the group, but this was not the case.
To avoid the control group's perception of imbalance or unfairness, researchers may want to consider a waitlist design, in which everyone receives the intervention eventually, but the control group receives the intervention after the active treatment group. This may be a more ethical approach, but this design requires additional time and resources. A wait list design may help retain participants or contribute to attrition if wait list participants are not willing to wait to receive the intervention.
In some behavioral studies, the interventions may include multiple components, with some components supported by evidence of their effectiveness (e.g., increasing physical activity to reduce stroke risk).
When a wait list design is not used but equal access to evidence-based content is desired, researchers may simply offer the attention control group access to the intervention content at the end of the study. 
| Evaluate attention control activities
When an attention placebo control group is used and the control group content is substantially different, the question becomes what, if any, evaluation of the attention placebo control activities is needed. For example, in developing a two-arm RCT with measurements taken at baseline and follow-up to examine the impact of a sleep-extension intervention on insulin resistance levels in young adults (Table 2) , careful thought was given to designing the attention control group activities (Helvig, 2017) . The intervention group received instructions (verbal and brochure) to either go to bed 1 hr earlier or stay in bed 1 hr later, with sleep hygiene education to help improve healthy bedtime behaviors. Baseline and post-test data collection included blood samples (for insulin resistance levels), use of sleep hygiene practices, monitoring with an actigraphy watch, and weekly telephone calls over the 4-week intervention time period to reinforce intervention content.
The attention placebo group received education regarding safety in an urban environment (written brochure with verbal reinforcement).
The attention placebo control activities were relevant to participants, as the study was conducted in a large city. Contact time of the attention control group was similar to the intervention group, including weekly telephone calls for 4 weeks to reinforce safety information.
Data collection included a short questionnaire on use of safety practices. The question of whether the researcher needed to collect data specifically about the attention control activities required careful thought because the addition of questionnaires adds to subject burden, but the questionnaire about safety practices gave credibility to the attention control content and enabled assessment of whether the participants received an adequate "dosage" of the attention placebo control content.
A different focus of activities for an attention control group than the intervention group affects advertising for recruitment of participants. In the feasibility study of SCORRE (Aycock et al., 2016) , the attention control group received a brochure on stroke risk factors, and the recruitment flyers described the study as about reducing stroke risk. However, for the larger test of the SCORRE study (Aycock, 2015) , with a safe sex attention placebo control group, the advertising had to reflect a more general topic, such as "improving your health," so those randomized to attention control did not wonder why they were not hearing about stroke risk reduction.
| Consider additional resources needed to implement attention control activities
The resources needed for the attention control group need to be considered in the study budget. Some research questions necessitate a complex study design. For example, the ENSPIRE study (Dunbar et al., 2013 ) required three study arms to sort out the intervention effects.
However, more complex study designs may require substantial funding. These costs may include multiple research teams to administer the study arms. In the ENSPIRE study, the PFE group had a session with a research nurse and a dietitian to address sodium in foods, and separate teams of research nurses were needed to make booster telephone calls to the groups. Additional staff for the control group activities can add considerable cost.
Although well-designed attention control groups may require substantial resources, the costs are justified. Attention control groups that are not sufficiently different from the intervention or not equal in time and attention may lead to unclear results and fail to advance the science.
| Quantifying effects of attention control and intervention groups
CER designs present unique methodological challenges. Comparing a placebo control to an intervention will likely produce larger effects than a comparison of two active treatments (Williams et al., 2016) . In a placebo control design, the needed sample sizes and costs to demonstrate effectiveness will be lower than a CER design, in which two interventions or an intervention and standard care are compared.
When an attention control group activity is used in place of a traditional placebo control but without adding the standard of care, smaller sample sizes and lower costs can be expected than if combined with some standard of care. When comparing an attention control plus usual care group with an intervention group, the difference in effect sizes will be smaller, needed sample sizes larger, and longer follow-up necessary.
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With at least two time points for data collection, repeated measurements result for each participant. Multilevel models are the preferred statistical method for analyzing repeated measures data and quantifying treatment effects (Hayat & Hedlin, 2012) . Multilevel data consist of time points as the first level and subjects as the second level.
The model will include fixed and random effects, with covariates of interest and treatment group as fixed effects and time as a random effect. This allows for quantifying within-and between-subject variability and accounting for the within-subject correlation due to more than one measurement on the same subjects.
A creative and interesting attention control group may help to increase retention of participants over time. However, attrition and missing data are a reality in human subject research. Multilevel models allow for use of partial data on a subject, resulting in more efficient estimates with use of all available collected data. A subject with only baseline data can be included in the statistical model and used in estimation of treatment effects.
| Ethical considerations in designing attention control groups
Researchers need to be aware of the ethical considerations of developing an attention control group. For example, if there is evidence of effective treatments for the condition under study, and the attention control group does not get these, researchers need to consider how to monitor or offer some opportunity to participate in the intervention activities at the end. For example, it is known that a healthy diet (e.g., DASH) and physical activity are beneficial. If the sample is obese participants, and the intervention has been designed to increase physical activity and/or improve diet, participants in an attention control group should be offered the opportunity to have access to the intervention activities if they desire after study completion, especially if there is low risk to the intervention activities.
In studies described earlier, after activities were completed, attention control participants were offered the opportunity to receive educational information from the interventions (Aycock et al., 2016; Helvig, 2017) . This information may not appear in published reports but may address ethical concerns.
Higher risk of an attention control, waitlist, or delayed intervention design occurs when the sample includes those at risk of worsening health over time. For example, when a routine walking intervention is designed to reduce depressive symptoms in a depressed sample, regardless of the attention control activities, a participant's condition may worsen during the course of the study. The attention control group as well as the intervention group will need close monitoring to ensure their condition does not worsen over time and appropriate action is taken if worsening occurs, such as referral for follow-up. In the SCORRE study, if blood pressure or other health assessment measure fell in an area of concern, the attention control group participants were referred to their health care provider for follow-up.
When one is using an attention placebo control design such as the sexual health education group in the SCORRE study (Aycock, 2015) , the institutional review board (IRB) may raise the issue of concealment or deception. In fact, although the study was advertised as one on health promotion and the possibility of assignment to either of two groups was addressed in the consent form, an IRB reviewer asked the first author whether the ones receiving the attention control would not know that the study actually was about a different topic (e. Attention placebo control designs are challenging in behavioral research, and some have argued alternative approaches or designs are needed (Gross, 2005; Popp & Schneider, 2015) . In the meantime, researchers need to give careful thought to safety and ethics in any control group. Popp and Schneider (2015) reported stopping an attention control group, in part due to ethical concerns. In initiating a study of parent training to improve parenting skills and parent and baby well-being, with an attention placebo control condition of a discussion group moderated by a psychologist, comments and questions from parents in the attention control group indicated risky misunderstandings of child care, which put the child's safety at risk. Although in theory, having an attention control group strengthened the design, researchers felt it was unethical to continue the planned open discussion and allow parents to leave the attention control group meeting with untrue and unsafe beliefs. The researchers used a quote attributed to Albert Einstein to illustrate the challenges of applying methodological theory using attention control groups in psychological research: "In theory, theory and practice are the same. In practice they are not" (Einstein, n.d.) . Hughes (2009) raised concerns about assigning participants with serious disorders such as drug dependence to a non-active control (e.g., attention-only or placebo control) when valid treatment was available and harm may have occurred if no treatment was received. Hughes addressed ethical issues in smoking cessation trials, such as the control group's deprivation of known effective treatments and harm that may result. Suggestions included recruiting only treatment-resistant smokers, use a dose-response design, and using unequal randomization (Hughes, 2009) .
Researchers can put safeguards in place that may reduce the potential harm to individuals and must ensure that informed consent is accurate in disclosing as much as possible about the study.
| CONCLUSIONS
While Gross (2005) and others have raised the issue of whether the standard RCT is the best approach for behavioral interventions, RCT remains the "gold standard." Nonetheless, poorly designed attention control groups that result in a lack of clarity about findings do not advance the science. In this paper we have identified issues to be considered by researchers in implementing strategies to increase rigor in attention control groups. In addition to careful consideration of a new intervention, forethought on the design of an attention control group is needed. Detailed feasibility testing of both the intervention and attention control groups is strongly recommended before a fullscale RCT is attempted.
There are many facets to development of attention control activities, including its content, timing, believability by participants, and consistent delivery by staff. Table 3 is a list of questions that researchers need to ask as they plan a study. Considering these questions may result in a more rigorous study design that results in valuable findings and a more substantial contribution.
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